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A different dependence of apparent glass-forming ability GFA on casting-atmosphere pressure is
observed in a Zr65Al7.5Ni10Cu17.5−xPdx x=0–17.5 alloy system. Low-Pd alloys x12.5 reveal
low GFA dependence, while high-Pd ones x12.5 show high GFA dependence on atmosphere
pressure applied during casting. The phenomenon is suggested to originate from the fact that for the
high-Pd alloys, the transformation region of supercooled-liquid to quasicrystalline phase is located
at the low-temperature side of the undercooled-liquid region where the atmosphere-pressure
dependence of cooling characteristic coincidently takes place. The on-cooling phase transformation
in the alloy system and the cooling mechanism during mold-casting process are discussed
comprehensively. © 2008 American Institute of Physics. DOI: 10.1063/1.2844327
I. INTRODUCTION
Bulk glassy alloys BGAs have been regarded as a new
class of engineering materials due to their exceptional physi-
cal and functional properties.1–4 Glass-forming ability GFA
of an alloy is frequently assessed by comparing the kinetic
processes, such as the nucleation rate, crystal growth rate,
and transformation kinetics. The large supercooled-liquid re-
gion represented by Tx =Tx−Tg, where Tg and Tx are the
glass transition temperature and the crystallization tempera-
ture, respectively and the reduced glass transition tempera-
ture Trg =Tg /Tl, where Tl is the liquidus temperature are, so
far, well-known indicators used to assess GFA.5,6 Recently,
the  parameter defined as Tx / Tg+Tl Ref. 7 is proposed
as a GFA criterion and found to give a better correlation with
the experimental GFA data. Other criteria also recently pro-
posed are Tg /Tl,
8 where = Ts−Tg / Tl−Tg, which takes
into account the Tl−Ts difference Ts is the solidus tempera-
ture and =Tx / Tl−Tg,
9 which is claimed as a better GFA
indicator even than .
Direct evidences based on experimental result, however,
always give the most reliable parameter. In this case, com-
parison of the critical size for glass formation derived from
as-prepared structure of samples with various sizes provides
empirical evidences for GFA assessment of glass-forming
alloys.
In this work, we study the GFA in the
Zr65Al7.5Ni10Cu17.5−xPdx x=0–17.5 alloy system by map-
ping extensively all the structures of alloys fabricated by the
mold casting. Surprisingly, the apparent GFA is found to de-
pend on casting-atmosphere pressure and the dependence is
different between low- and high-Pd alloys in the system.
This work has also successfully unveiled the origin of the
phenomenon following a thorough investigation on cooling
characteristic during casting and on-cooling phase transfor-
mation of the alloy system. The result gives a consequence
that the preparation method should be taken into account for
comparison of structure as well as properties of BGAs.
II. EXPERIMENTAL PROCEDURES
Ingots of Zr65Al7.5Ni10Cu17.5−xPdx x=0–17.5 alloys
were prepared by arc-melting mixtures of pure elements in
an argon atmosphere. Pieces of the crushed ingots were filled
into a quartz tube set in a casting chamber. The chamber was
then evacuated up to 10−3 Pa and then conditioned with an
Ar atmosphere with pressures ranging from 210−3 Pa
vacuum to 105 Pa ambient pressure. Under such a
given atmosphere, the ingot was inductively melted up to a
temperature of about 100 K above the alloy’s liquidus tem-
perature Tl and then cast into a copper mold to produce
50 mm long rods with various diameters. Particularly in cast-
ing Zr65Al7.5Ni10Cu12.5Pd5 and Zr65Al7.5Ni10Pd17.5 alloys,
temperature change of the melts during cooling was recorded
by a thin 0.3 mm in diameter K-type thermocouple con-
nected to an analog-to-digital signal converter Graphtec
GL500 to obtain the cooling time-temperature curves. The
thermocouple was placed at the bottom of the mold. The data
sampling was done at the intervals of 1 ms. The structure of
samples was examined by x-ray diffractometry XRD with
monochromatic Cu K radiation and by field emission trans-
mission electron microscopy JEOL, JEM3000F with an ac-
celeration voltage of 300 kV. A scanning confocal laser mi-
croscopy Lasertec HD 100D was conducted to examine the
surface roughness of the mold and cast samples at the corre-
sponding parts.
III. RESULTS
Figures 1a and 1b show XRD patterns of the as-cast
structure of Zr65Al7.5Ni10Cu12.5Pd5 and Zr65Al7.5Ni10Pd17.5
aElectronic mail: albdeny@cir.tohoku.ac.jp.
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rod samples, respectively, prepared under different pressures
of Ar atmosphere. The former reveals as-cast structure with-
out any dependence on casting-atmosphere pressure as it re-
mains glassy for 4 mm diameter samples or crystalline for
5 mm diameter samples regardless of the applied atmo-
sphere pressure. The structure of crystallized samples is char-
acterized to consist of tetragonal-Zr2Cu and fcc-/tetragonal-
Zr2Ni phases. On the other hand, the as-cast structure of the
latter alloy 4 mm diameter samples changes successively
from crystalline tetragonal-Zr2Ni to quasicrystalline QC
and finally to glassy structure as the pressure of Ar atmo-
sphere increases gradually from vacuum to ambient, indicat-
ing that casting-atmosphere pressure significantly influences
the as-cast structure.
Figure 2 represents the transmission electron microscopy
TEM images and selected area diffraction pattern confirm-
ing the dependence of as-cast structure on casting-
atmosphere pressure in the Zr65Al7.5Ni10Pd17.5. Fine
50 nm particles of QC phase are precipitated and distrib-
uted homogeneously in the 3 mm diameter rod sample cast
under Ar of 10−3 Pa, as shown in Fig. 2a. For those cast
under Ar of 103 and 105 Pa, the bright field TEM images
Figs. 2b and 2c, respectively reveal no contrast, indicat-
ing the glassy structure. However, the high resolution TEM
image of the former Fig. 2d shows some fringe contrasts,
indicating that very fine 5 nm crystalline particles have
precipitated within the glassy phase. On the other hand, no
such contrast found in the high resolution image of the latter
Fig. 2e suggests that the sample consists of a single
glassy phase.
All as-cast structures of the Zr65Al7.5Ni10Cu17.5−xPdx x
=0–17.5 alloys prepared under casting atmosphere of
vacuum or Ar at ambient pressure are summarized in Tables
I and II. A different compositional dependence of glass for-
mation between casting under ambient Ar and under vacuum
is observed where, in producing glassy rods with diameter of
5–6 mm, the former is effective for all alloy compositions,
but the latter is effective only for low-Pd alloys x=0–5.
We can also point out that the critical size of glass formation
dc is independent of casting atmosphere i.e., vacuum or
ambient Ar for the alloys of x=0–5, but for the other com-
positions, casting atmosphere should be taken into account in
determining dc. Particularly, the dependence of glass forma-
tion on casting atmosphere is very noticeable in the alloys of
x12.5, where a QC phase forms as the primary solidified
phase. This is different from that in the alloys with lower Pd
contents where the primary solidified phase is characterized
as a fcc-Zr2Ni structure. The formation of QC, however, does
FIG. 1. XRD patterns of the
Zr65Al7.5Ni10Cu12.5Pd5 a and
Zr65Al7.5Ni10Pd17.5 b rod samples
cast under various casting-atmosphere
pressures.
FIG. 2. Bright field TEM images and selected diffraction patterns of
Zr65Al7.5Ni10Pd17.5 rod samples prepared by casting under Ar atmospheres of
10−3 Pa a, 103 Pa b, and 105 Pa c. High resolution TEM images
of those cast under 103 Pa d and 105 Pa e are also shown.
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not depend on the casting atmosphere as it is found in both
“ambient Ar” and “vacuum” structure maps for the alloys of
x12.5.
Figure 3 shows the change of specific heat, Cp, during
structural relaxation in 4 mm diameter glassy rods of the
Zr65Al7.5Ni10Cu12.5Pd5 alloy prepared by casting under
vacuum and ambient Ar. A thermogram of a relaxed sample
is presented as a reference. It is clearly seen that the enthalpy
of structural relaxation, Hr, which is evaluated by Cp
=Cp,q−Cp,rdT Cp0, of the “Ar-cast” sample is larger
than that of the “vacuum-cast” one as they are estimated to
be 631 and 179 J /mol, respectively. Moreover, the onset
temperatures of structural relaxation Tr are 462 K for the
Ar-cast sample and 478 K for the vacuum-cast one, while Tg
is almost the same in both samples. The different enthalpy
and onset temperatures of structural relaxation are attributed
to the different amounts of free volume which is sensitive to
the thermal history.10,11 This result, therefore, indicates that
both samples experience different thermal histories during
preparation despite the same final as-cast structure.
IV. DISCUSSION
A. Cooling characteristic during casting
As it is indicated in Fig. 3 that rod samples cast under
different atmosphere pressures experience different thermal
histories, a measurement of the sample’s temperature change
during cooling in the casting process was therefore per-
formed. Figure 4a represents the cooling temperature-
time curves of the Zr65Al7.5Ni10Cu12.5Pd5 	 of 4 mm pre-
pared under various atmospheres. It is obviously seen that
the temperature decreases in a different manner as time
elapses depending on the applied casting-atmosphere pres-
sure. Despite that all samples exhibit a glassy structure see
Fig. 1a, that cast under vacuum requires the longest time
to reach ambient temperature compared to that cast under
pressure of 1 kPa or under ambient one. The deviation of
cooling rate among the samples, however, does not occur
early from the initial cooling process but particularly starts
from a temperature of about 790 K, which is equal to 160 K
above Tg. During the initial cooling process, i.e., the stage
between the initial temperature T0=1223 K and T
790 K, the average cooling rate is about the same for all
samples, i.e., around 1700 K /s. The cooling rate apparently
deviates to a lower value, which depends on the applied at-
mosphere pressure during casting, in the subsequent stage
T790 K. The subsequent average cooling rates are found
to be 67, 240, and 640 K /s for those cast under vacuum, Ar
of 1 kPa, and ambient Ar, respectively.
An ideal time-temperature relation for a cooling object is
given by Newton’s exponential decay law of cooling:
TABLE I. As-cast structure maps for the Zr65Al7.5Ni10Cu17.5−xPdx x=0,5 ,7.5,10,12.5,15,17.5 alloys of
various diameters resulting from casting under ambient Ar P105 Pa atmosphere. “G” and “QC” denote the
glassy and quasicrystalline structures, respectively.
Diameter
mm x=0 x=5 x=7.5 x=10 x=12.5 x=15 x=17.5
2 G G G G G G G
3 G G G G G G G
4 G G G G G G G
5 G G G G G G G
6 G G+Zr2Cu+
fcc- / t-Zr2Ni
G G G QC QC
7 G+ Zr2Cu,
fcc- / t-Zr2Ni
Zr2Cu+Zr2Ni G+Zr2Cu / 
fcc-Zr2Ni
G+QC QC







TABLE II. As-cast structure maps for the Zr65Al7.5Ni10Cu17.5−xPdx x=0,5 ,7.5,10,12.5,15,17.5 alloys of various diameters resulting from casting under
vacuum P210−3 Pa atmosphere. “G” and “QC” denote the glassy and quasicrystalline structures, respectively.
Diameter
mm x=0 x=5 x=7.5 x=10 x=12.5 x=15 x=17.5
2 G G G G G+ QC QC QC
3 G G G t- / fcc-Zr2Ni+
Zr2Cu?
t-Zr2Ni+QC t-Zr2Ni QC
4 G G G t-Zr2Ni+
fcc-Zr2Ni
t-Zr2Ni
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Tt = Ts + T0 − Tsexp− Kt , 1
where T is the temperature of the object at time t, Ts is the
temperature of the surrounding matter, T0 is the initial tem-
perature of the object i.e., T at t=0, and K is an experimen-




= − KT − Ts . 2
Plotting lnT−Ts vs t should therefore give a straight line
with a slope of −K if the object cools by following a single
mechanism or process. Figure 4b shows such plots for the
cooling curve data of the Zr65Al7.5Ni10Cu12.5Pd5 alloy. The
plots apparently do not result in a single K for each cooling
curve. This means that the samples cool by following not
only a single mechanism. In other words, sample-to-mold
heat transfer is not only affected by a constant parameter,
which is considered so far to be attributed to the mold ma-
terial i.e., copper. Here, it is suggested that the heat transfer
accommodated mainly by the copper mold occurs only at the
initial stage of the cooling process, in which Ki is almost the
same for all curves plotted. During the subsequent stage of
the cooling process, that is, the stage beyond which K devi-
ates from its initial value, gas used as the casting atmosphere
will give a significant effect on the sample-to-mold heat
transfer. The onset of deviation is observed at around Tg
+160 K and K for the subsequent process, Kf, apparently
depends on the casting atmosphere as it rises with the in-
crease of Ar atmosphere pressure see inset in Fig. 4b.
Such a cooling characteristic is independent of alloy compo-
sition, since another pole of composition i.e., x=17.5 of the
present alloy system shows no remarkable difference in ten-
dency as well as observed parameters.12,13 In other words, all
alloys in the system experience the same cooling mechanism
during the casting process, which will be explained in the
next section.
1. Cooling mechanism
The cooling mechanism of a sample during the mold-
casting process is suggested as follows see also Fig. 5.
i Once the molten alloy is ejected from the quartz tube
into the mold, its temperature will suddenly drop as it
touches the mold wall.
ii Then, temperature decreases by the time and the sam-
ple’s state enters the supercooled-liquid SCL region,
i.e., the region between Tg and Tl. The decrease of
temperature will be accompanied by the decrease of
the sample’s volume, which leads to a shrinkage and
creates a very thin cavity between the mold wall and
the sample. Meanwhile, the sample’s viscosity is still
sufficiently low to enable the sample in SCL state to
flow and to refill the cavity space. Thus, there is a
competition between volume shrinkage and flow at
this stage.
iii As temperature continuous to decrease, viscosity of
SCL state will increase accordingly. The higher the
FIG. 4. Color online Cooling time-temperature curves a and cooling
curve plots in lnT−Ts vs t Ts=300 K b for the Zr65Al7.5Ni10Cu12.5Pd5
alloy 	 of 4 mm prepared under vacuum 210−3 Pa, Ar of 103 Pa, and
Ar of 105 Pa ambient pressure. Inset: Correlation between the subsequent
cooling constant Kf and pressure p of the gas applied as casting atmosphere
during casting.
FIG. 3. Color online Thermograms of a Zr65Al7.5Ni10Cu12.5Pd5 glassy
sample in the as-cast state Cp,q resulting from casting under vacuum or
ambient Ar. That of a sample in the relaxed state Cp,r is shown for
comparison.
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viscosity, the more difficult it is for the SCL state to
flow. When viscosity becomes too high to enable the
flow, the shrinkage becomes dominant and, finally, a
permanent cavity starts to form.
During steps i and ii, the sample cools by following a
heat-transfer mechanism affected mainly by the copper mold.
The cooling characteristic, therefore, does not change so
much when the casting atmosphere is varied. After the for-
mation of the permanent cavity in step iii, however, the
subsequent cooling characteristic will depend on the condi-
tion of the cavity. The gas used as the casting atmosphere
may exist in the cavity and, in turn, is responsible as a heat-
transfer medium during the subsequent cooling process.
The observation for the cavity evidence was performed
by laser microscopy to have information on morphology and
surface roughness. Figure 6a shows a surface morphology
of the sample and the mold taken from the corresponding
parts. The sample does not reveal exactly the same morphol-
ogy as the mold, indicating a different surface roughness
between the sample and the mold. The sample/mold rough-
ness profile Fig. 6b is obtained by scanning three corre-
sponding parts marked as P / P, Q /Q, and R /R and the
sample/mold average roughness numbers Rav are
0.364 /0.502, 0.403 /1.063, and 0.076 /0.080 
m at P / P,
Q /Q, and R /R, respectively. The difference in surface
roughness, therefore, creates a number of empty spaces i.e.,
cavities between the mold and the sample, the condition of
which influences the sample-to-mold heat transfer.
Now, however, an important question remains: how can
such a cooling characteristic, which is independent of com-
FIG. 5. Color online Cooling time-temperature curves of a Zr–Al–Ni–
Cu–Pd glassy alloy cast under various casting-atmosphere pressures and
schematic illustrations concerning the cooling processes: i the melt just
after filling of the mold, ii competition between shrinkage and flow when
the melt is in a supercooled-liquid state with low viscosity, and iii forma-
tion of a permanent cavity as the melt viscosity gets higher with the decrease
of temperature and the shrinkage becomes dominant.
FIG. 6. Color online a Surface
morphology of the corresponding parts
of an as-cast sample and Cu mold. b
Roughness profiles and average rough-
ness numbers Rav obtained from
roughness scanning on the correspond-
ing parts P− P, Q−Q, and R−R of
the as-cast sample and Cu mold.
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position, lead to the different dependence of apparent GFA
on casting-atmosphere pressure during mold casting of
Zr65Al7.5Ni10Cu17.5−xPdx alloys?
B. Origin of casting-atmosphere-pressure dependent
GFA
Figures 7a and 7b show cooling profiles taken during
casting under different atmospheres of the alloys with a
low-Pd x=5 and a high-Pd x=17.5 content together with
the corresponding XRD patterns of the as-cast structure. In-
formation from the cooling curve and the corresponding as-
cast structure is utilized to construct a continuous-cooling-
transformation CCT diagram. For x=5 Fig. 7a, cooling
curves of casting 4 mm diameter rod show no recalescence
regardless of the deviation of cooling rate in the subsequent
stage due to the different casting atmosphere applied i.e.,
vacuum V or ambient Ar A. The corresponding XRD
patterns confirming the glassy structure in the as-cast state
inset of Fig. 7a indicate that no crystallization occurs dur-
ing the cooling process of the samples. In the 5 mm diameter
sample, a recalescence is exhibited in the cooling curve start-
ing at t=0.145 s, T=1047 K. The crystallization phases are
identified as a mixture of stable tetragonal-Zr2Ni and Zr2Cu
in addition to fcc-Zr2Ni as a minor phase inset of Fig. 7a.
Figure 7b, on the other hand, shows a different on-
cooling phase transformation characteristic in a high-Pd al-
loy x=17.5. In casting 3 mm diameter rod, applying ambi-
ent Ar atmosphere results in a glassy structure. In contrast,
the glassy structure of the specimen is not easily obtained by
vacuum casting. Even for casting 2 mm diameter sample, in
which the initial cooling rate is higher, the as-cast structure is
a QC instead of a glassy structure. Casting the sample with
much lower cooling rate 4 mm diameter under vacuum
leads to the formation of a stable tetragonal-Zr2Ni and a
metastable fcc-Zr2Ni phase upon cooling, as shown in the
inset of Fig. 7b. The recalescences for QC and crystal for-
mation are observed to start at t=0.340 s, T=728 K and
t=0.127 s, T=1038 K, respectively. Cooling curves in Fig.
7b also show that the heat release for the QC formation is
much less than that of crystal.
FIG. 7. Color online Cooling curves and XRD profiles inset of the corresponding as-cast structure of the a Zr65Al7.5Ni10Cu12.5Pd5 and b
Zr65Al7.5Ni10Pd17.5 rod samples of various diameters resulting from casting under ambient Ar -A or vacuum -V; CCT diagrams for the c former and the
d latter alloys. “Cryst.” and “QC” represent the crystalline phases of fcc-/tetragonal-Zr2Ni and Zr2Cu and the icosahedral quasicrystalline phase, respectively.
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A CCT diagram is then constructed by plotting time and
temperature where the phase transformation starts during
cooling. Figures 7c and 7d denote the plots for the low-Pd
Zr66Al7.5Ni10Cu12.5Pd5 and high-Pd Zr65Al7.5Ni10Pd17.5
alloys, respectively, based on all cooling curves obtained
during casting under various conditions. Here, cooling
curves are plotted in normalized temperature, T /Tl, against
time t, where T /Tl=1 at t=0. A difference in the CCT-curve
layout between the low- and high-Pd alloys is seen in the
figure. In the 5 at. % Pd alloy, only a CCT curve of crystal-
line phases lies at the high-temperature side, where the nose
point is located at T=0.897Tl and t=0.104 s. The crystalline
phases are characterized as fcc-/tetragonal-Zr2Ni and a
tetragonal-Zr2Cu. On the other hand, in the 17.5 at. % Pd
alloy, the nose point of the CCT curve of crystalline phases is
located at a slightly lower temperature and a longer time,
namely, T=0.859Tl and t=0.112 s. Moreover, another CCT
curve for the QC phase precipitation is observed at consid-
erably lower-temperature and longer-time sides in addition to
that of crystalline phases. The nose point of the CCT curve
for this QC phase is located at T=0.686Tl and t=0.243 s.
Previous investigations14–20 show that substituting a
small amount of Cu with a noble metal leads to a deteriora-
tion of the glassy state accompanied by the formation of
nanometer-scale icosahedral QC phase replacing the
fcc-Zr2Ni phase during the primary crystallization from the
glassy state in the Zr65Al7.5Ni10Cu17.5−xMx M =Pd,Ag,Au
systems. An examination by differential scanning calorim-
etry shows that an exothermic reaction corresponding to the
quasicrystallization is exhibited at a lower temperature than
that of crystalline phase formation. This indicates that forma-
tion of QC during undercooling should also take place at a
lower temperature than that of the crystalline phase. An
evaluation of a time-temperature-transformation TTT dia-
gram for the primary quasicrystallization in
Zr64.5Al7.5Ni11Cu12Hf5 and Zr69.5Al7.5Ni11Cu12 Ref. 21 al-
loys also shows that the nose of the TTT curves of the QC
phase is situated just about 100 K higher than the glass tran-
sition temperature Tg, indicating that quasicrystallization
occurs at a considerably low-temperature side of the
undercooled-liquid region. These studies support our results
of the CCT diagram of the 17.5 at. % Pd alloy, where the
transformation curve of the QC phase is situated below that
of other crystalline phases and has the nose located at just
around 160 K above Tg. Furthermore, since the nucleation
rate of QC decreases with reducing Pd content e.g., in the
5 at. % Pd alloy, it is about four orders lower than that in
17.5 at.% Pd alloy14, the transformation curve of QC in the
low-Pd alloys is evaluated to lie at a much longer time com-
pared to that in the high-Pd ones.
Now, the situation of phase transformation during cool-
ing in the Zr65Al7.5Ni10Cu17.5−xPdx alloy system becomes
clear and this provides an invaluable fact for the explanation
on the dependence of GFA on casting-atmosphere pressure in
correlation with composition x. When an alloy is subjected
to a cooling process in mold-casting technique performed
under various atmosphere pressures for a given casting di-
ameter, a variation in cooling characteristic including the
cooling rate will be exhibited in their cooling curves par-
ticularly starting from a considerably low-temperature side
of the SCL region in this case, Tg+160 K; this variation is
not much remarkable in the high-temperature side. Alloys
with low-Pd content x12.5 possess only a CCT curve of
the SCL to crystalline phase transformation located at a high-
temperature side of the SCL region. Accordingly, modifying
casting-atmosphere pressure during casting of the alloys will
not lead to a variation in the as-cast structure since the part of
the cooling curve exhibiting variation in cooling characteris-
tic may not touch the CCT curve of phase transformation in
the alloys Fig. 8a. These alloys, therefore, have a low
FIG. 8. Color online Schematic illustrations explaining the different dependences of GFA on casting-atmosphere pressure between the a low-Pd x
12.5 and b high-Pd x12.5 alloys in the Zr65Al7.5Ni10Cu17.5−xPdx system. The CCT curves are constructed based on experimental data in Figs. 7c and
7d.
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atmosphere-pressure dependence of GFA. On the other hand,
alloys with high-Pd content x12.5 have a CCT curve
corresponding to the SCL to QC phase transformation situ-
ated at a low-temperature side of the SCL region in addition
to that of the SCL to crystalline phase transformation at the
high-temperature side. This low-temperature-side CCT curve
is susceptible to the “contact” with the part of the cooling
curve exhibiting variation in cooling characteristic due to the
application of various atmosphere pressures during casting
Fig. 8b. Variation of the as-cast structure can be, there-
fore, easily revealed and the alloys show a high atmosphere-
pressure dependence of GFA.
V. CONCLUSIONS
We observed a different dependence of GFA on atmo-
sphere pressure during mold-casting process in a
Zr65Al7.5Ni10Cu17.5−xPdx x=0–17.5 at. %  alloy system.
High-Pd containing alloys x12.5 showed a remarkable
increase of critical size for glass formation dc as casting-
atmosphere pressure varied from vacuum to ambient pres-
sure of Ar atmosphere. No significant change of dc, however,
was observed in low-Pd containing alloys x12.5 despite
the variation of casting-atmosphere pressure. Investigation
on cooling process of a glassy sample during mold casting
revealed that the cooling characteristic became dependent
significantly on atmosphere pressure particularly when the
sample’s temperature arrived at the low-temperature side of
the SCL region. On the other hand, a distinct transformation
from the SCL to QC phase was observed at the same tem-
perature region for the alloys with high-Pd content particu-
larly, x12.5. The origin of the phenomenon has, therefore,
been successfully unveiled by correlating the cooling char-
acteristic during mold casting and on-cooling crystallization
behavior of the alloy system.
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